An experiment was conducted to compare the feeding value of a normal yellow dent corn (YDC) and its waxy variant (WXC) under practical conditions. Isocaloric and nutritionally equivalent cornsoybean meal diets were formulated to satisfy NRC (1994) requirements by using the actual nutrient profile of each corn hybrid in the ingredient matrix. Starting diet formulation for live performance from 0 to 18 d of age compared AME n values for the grains that had been measured using chicks at 14 d of age (YDC = 2.79 kcal/g; WXC = 2.86 kcal/g) versus measurements with adult roosters (YDC = 3.27 kcal/g; WXC = 3.23 kcal/g). Subsequent growing and finishing diets from 14 to 42 and 42 to 49 d of age relied exclusively on values for both corns that had been determined with roosters. Inclusion of WXC improved pellet durability and increased overall particulate size of the complete feeds as compared to YDC diets (P ≤ 0.05). Broilers fed WXC rations showed greater body weight gains than those on YDC diets, although feed efficiency was generally poorer (P ≤ 0.05). Birds provided WXC had an advantage for chilled carcass weight and for meat yield after deboning (P ≤ 0.05). Performance and yield differences in response to altering corn hybrid AME n values for starter diet formulation were negligible. Based upon benefits to pelleted feed characteristics, measures of broiler production, and processing yields, WXC is a favorable ingredient for practical broiler diets.
tive plant breeding. Starch of normal yellow dent corn (YDC) is composed of approximately 27% amylose and 73% amylopectin, whereas that of WXC, so named for the wax-like appearance of its endosperm, contains virtually 100% amylopectin [1, 2] . The highly branched structure of amylopectin is more susceptible to enzymatic degradation than the linearly arranged amylose [3, 4] . Because carbohydrates represent the major energy source in most poultry diets, and starch digestibility parallels its rate of enzymatic degradation, modifications to corn starch amylose:amylopectin ratios could prove advantageous, particularly for neonatal fowl. Research by Perez and Aumaitre [5] with young piglets appears to support this concept.
With the exception of starch composition, the nutritional profiles of YDC and WXC are typically similar [6, 7] . However, non-nutritive factors associated with WXC also have potential applications for the poultry industry. Steam pelleting is customarily employed in the manufacture of commercial broiler feeds, as a means to improve feed handling characteristics (i.e., stability) and to promote bird performance [8, 9] . Starch gelatinization is of critical importance to the pelleting process, and it has been suggested that manipulating amylose:amylopectin ratios of corn starch may have ramifications for the procedure [10] . Schwartz and Zelinskie [11] reported that binding properties of heat-treated starch improved with increasing proportions of amylopectin. In this respect, WXC might benefit pelleted feed quality.
Few studies with poultry on the potential differences between YDC and WXC have been reported. Mussehl [12] concluded that WXC was at least equal to YDC for measures of chick performance. Research by Dinn et al. [13] supports a similar conclusion. However, neither trial employed genetically similar hybrids for comparison, casting doubt on the validity of the results. Ertl and Dale [7] recently addressed this issue, finding variation in metabolizable energy among corn hybrid genotypes but no differences between YDC and WXC hybrids of the same genotype.
The purpose of the present study was to compare the feeding value of near-isogenic YDC and WXC hybrids for broiler production. In addition to assessing effects on live perfor- Values are the average of eight determinations using 1-wkold straight-run broiler chicks and a total excreta collection procedure [15] . The difference between corn hybrids was not significant (SEM = 0.043; P > 0.05).
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Values are the average of eight determinations using adult Single Comb White Leghorn roosters and the cup excreta collection procedure of Revington et al. [16] with minor modifications. The difference between corn hybrids was not significant (SEM = 0.013; P > 0.05).
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Average chick values calculated from measurements during AME n determinations. The difference between corn hybrids was not significant (SEM = 1.20; P > 0.05).
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Average rooster values calculated from measurements during AME n determinations. The difference between corn hybrids was not significant (SEM = 0.37; P > 0.05). mance and processing yields, emphasis was placed on characterizing the bird age-dependent metabolizable energy of each grain, applying these differences in feed formulation, and describing effects on steam-pelleted feed quality.
MATERIALS AND METHODS
Male broilers of a high-yielding strain (Ross male × Ross 308 female) were obtained from a commercial hatchery and placed on fresh pine shavings in floor pens (45 ft 2 ) of a curtain-sided house (32 pens; eight pens per treatment; 20 chicks per pen). Pens were equipped with one tube feeder and one belltype waterer providing access ad libitum. The experiment was conducted during January and February. Temperature and ventilation were thermostatically controlled, and lighting was continuous. All chicks were vaccinated for Marek's disease, Newcastle disease, and infectious bronchitis at the hatchery, followed by immunization for infectious bursal disease 14 d later.
The YDC and WXC were produced during the same crop year and under similar agronomic conditions. Experimental lots were received in whole kernel form and subsequently ground through a hammer mill with an 8-mm screen. Proximate analyses, amino acid profiles, and starch compositions were provided by the plant breeder [14] corresponding to the YDC and WXC used in experimentation. AME n values were determined for the two corn hybrids using 1-wk-old broiler chicks [15] and adult Single Comb White Leghorn roosters [16] . In an effort to more closely approximate applied feeding conditions, the corns were steam-pelleted and crumbled (1.86-mm roller spacing) prior to these determinations [17] . Table 1 provides a comparison of the corn hybrids. Representative samples of each grain were also analyzed for particulate size distribution and degree of fineness using procedures described by the Canadian Committee on Agricultural Engineering [18] .
Isocaloric and nutritionally equivalent corn-soybean meal diets satisfying NRC requirements [19] were least-cost formulated for each live production period (Table 2) , using actual nutrient profiles of the corn hybrids in the ingredient matrix. Only the starter diets employed the previously measured chick and rooster AME n values for each grain in their formulation, whereas grower and finisher diets relied exclusively on the rooster values.
All diets were steam-pelleted [17] . Starter was fed as a crumble (1.86-mm roller spacing) from placement to 18 d; grower from 18 to 42 d, and finisher from 42 to 49 d were offered as whole pellets. Feeds were sampled from all replicate pens during each production period for proximate and amino acid analyses. AME n determinations were made with adult roosters on pooled replicate samples to describe the caloric content of each diet [16] . Analyzed diet profiles are presented in Table 3 . Pellets from the grower and finisher feeds were further evaluated for durability following procedures described by the American Society of Agricultural Engineers [20] and for particulate distribution using procedures described by the Canadian Committee on Agricultural Engineering [18] .
Initial body weights were recorded at placement on a pen basis. Subsequent evaluations of live performance corresponded to the end of each live production period. Daily mortalities were necropsied to determine probable cause of death with classification as loss from ascites, sudden death syndrome, leg problems, or unknown causes. Feed conversion calculations were corrected for mortality.
At 49 d, all birds were cooped, transported to the processing facility, and held for 12 h preslaughter. Birds were processed using automated equipment analogous to industry procedure [21] , and treatment groups were handled in random order. Warm carcasses were static chilled in slushed ice for approximately 4 h, then abdominal fat was removed, and carcass downgrade defects were itemized [22] . Carcasses were held overnight in slushed ice and subsequently deboned on stationary cones by personnel from a commercial poultry processing facility following conventional procedures. Resulting parts consisted of wings, fillets (pectoralis major), tenders (pectoralis minor), skinless boneless thigh meat, drumsticks, and residual carcass debris.
Data from live performance and processing measurements were evaluated by analysis of variance as a 2 × 2 factorial arrangement within a randomized complete block design. Corn hybrid and diet formulation method (i.e., AME n source) were the main treatment factors. Recognizing that early nutrition often influences future broiler performance, diet formulation method was maintained in the statistical model beyond the period in which this treatment was imposed (0 to 18 d). Data from feed quality observations were analyzed as a randomized complete block design with corn hybrid as the treatment factor. Blocks corresponded to pen areas of the production house. Computations employed the general linear models routine of the SAS analytical program [23] . When appropriate (P ≤ 0.05), treatment means were sepa- 
RESULTS AND DISCUSSION
Analyses of the YDC and WXC used in experimentation are presented in Table 1 . Marginal differences in proximate composition reflected a greater proportion of germ in WXC. Values for total starch support this contention. Determined amylose:amylopectin ratios were characteristic of each variety. The metabolizable energy values obtained for YDC and WXC were similar using the rooster (P > 0.05) and agreed with observations of Ertl and Dale [7] that there was an absence of a difference. Chick AME values were considerably lower than those obtained using rooster values. These differences are considered to be valid but lack statistical support because separate experimentation was involved.
The WXC provided significantly more energy for the chick than YDC (P < 0.05). Immaturity of the chick's gastrointestinal system is assumed to be the fundamental reason for the low ME values compared to the rooster and the known labile granule structure of waxy starch to provide advantage. Dry matter digestibilities displayed a similar pattern.
Feed formulations and their proximate compositions during each live production period were similar for all treatments with the exception of fat (Table 3) . Starter diets formulated using chick AME n values required additional fat than those based upon rooster data to attain the same ME. Particulate profiles of the ground corns indicated a significant difference between hybrids (Table 4) , although the overall modulus of each approximated a medium grind [24] . It is generally accepted that a finer grind favors improved pellet quality [8] . In the present study, however, this relationship was not observed.
To a large extent, pellet quality relies on starch gelatinization. Although there are conflicting reports concerning gelatinization temperatures for YDC and WXC starches [10, 25] , a range of 74 to 80°C is suggested. The conditioning temperature of 77°C occurring in the present study was well within this limit. Results from durability testing of the feeds provided to the birds as complete pellets are presented in Table 5 . Clearly, inclusion of the WXC improved pellet stability, presumably from the binding advantages provided by amylopectin. Inclusion of WXC also increased the proportions of large particulates (Table 6 ).
Broiler live performance was affected by the corn hybrids. Birds receiving either corn during the first 3 wk while feed was as crumbles resulted in similar weights; however, the WXC diets led to greater body weights than those fed the normal YDC rations when present in whole-pellet form (Table 7) . Differences in feed efficiency varied by phase of live produc- tion. From placement to 18 d, feed conversions were similar for both corn hybrids and between each formulation method (Table 8) , although a main effects interaction suggested better utilization of the WXC by the young bird ( Figure  1 ). From 18 to 42 d of age, feed conversion was poorer for broilers fed the WXC compared to YDC diets (Table 9) , which narrowed and could not be established from 42 to 49 d (Table  10 ). In total, WXC led to a heavier bird at 49 d of age that had a poorer feed conversion than provided by YDC (Table 11 ). This disadvantage in feed conversion contrasts with the report of Dinn et al. when WXC was given to Figure 1) .
B
Grams of feed consumed per gram of gain, corrected for mortality. *P ≤ 0.05. FIGURE 1. Main effects interaction (P < 0.05) for 0 to 18 d feed efficiency of broilers fed normal yellow dent and waxy corn diets formulated on the basis of chick and rooster derived AME n values for the grains. Grams of feed consumed per gram of gain, corrected for mortality. **P ≤ 0.01. ***P ≤ 0.001. chicks [13] ; however, there was no mention of the feed form used during the study. In an experiment evaluating effects of improved pellet quality on broiler performance, Acar et al. [26] observed that an increase in feed consumption occurred with birds receiving high-quality pellets and feed conversion deteriorated. Presumably, increased productive energy associated with enhanced pellet quality created an energy surplus relative to protein to antagonize balance and feed conversion. Birds fed the WXC diets exhibited higher mortality, which could be attributed to ascites and enhanced growth rate (Table 12) .
Incidence of carcass quality defects was generally not influenced by the imposed treatments based upon the percentage of total Grade A (Table 13) ; however, carcasses from birds given the WXC diets displayed a greater proportion of bruised wings than those receiving YDC. Reasons for this disparity are not clear, although they may be related to differing stresses placed on the larger birds during catching and cooping. Processing yields are reported in Table 14 . Birds provided WXC were heavier for chilled carcass weight than those derived from YDC, although abdominal fat was slightly increased. In parallel with the earlier discussion on feed efficiency, a surplus of productive dietary en-
CONCLUSIONS AND APPLICATIONS
1. Waxy corn has nutrient content not unlike that of normal yellow dent corn. 2. Waxy starch led to improved particulate size and stablity of steam-pelleted broiler feeds. 3. Broilers fed diets containing WXC performed and yielded generally more favorably than those offered isocaloric and nutritionally equivalent YDC diets. 4. The AME n , and dry matter digestibility measurements indicated that waxy corn is better utilized by the young broiler than normal yellow dent corn.
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15. Straight-run broiler chicks were placed in cages of battery brooders (15 birds per replicate) in an environmentally controlled room. Each cage contained one trough feeder and one jug waterer with access ad libitum. Lighting was continuous. A corn-soybean meal starter diet satisfying current NRC requirements [19] was fed as mash to all birds from placement through 6 d of age. Raw, ground corns were offered as the sole source of nutrition for a 1-d acclimation period (d 6 to 7) and throughout a subsequent 40-h excreta collection period (d 7 to 9). Excreta were collected on preweighed aluminum foil sheets lining the pan of each cage, weighed, and frozen (−20°C) for later analysis. Corn consumption was measured by weighing the feeders before and after collection. Corn and excreta samples were analyzed for moisture, gross energy, and nitrogen. These data were applied to calculate the AME n of each grain.
